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OBJECT

To determine the improvement in the stability characteristics
of double-base rocket propellants that can be obtained by the use
of h-nitro-N-methylaniline as a stabilizer.

SUMMARY

The initial investigation on the use of 4-nitro-N-methyl-
aniline as a stabilizer for double-base propellants was conducted
by determining the stability characteristics of T1l6é Propellant
manufactured with ethyl centralite, 2-nitrodiphenylamine, and 4~
nitro-N-methylaniline both alone and in combination with each
other, Short term stability tests revealed the vast superiority
of L-nitro-N-methylaniline over ethyl centralite, which is the
standard stabilizer in T16 Propellant, and 2-nitrodiphenylamine
with no adverse effect upon the processing, ballistic, and physi=-
cal properties,

The use of a combination stabilizer consisting of 1% 4-nitro-
N-methylaniline plus 1% ethyl centralite increased the storage
life of thick web grains (5 inches OD by 1 inch ID by 10 inches
long) at 170°F. twofold for T16 Propellant and threefold for T19
Propellant. Furthermore, the resistance to thermal shock be-
tween -75°F, and 170°F, for these thick web geometries markedly
increased for T19 Propellant and improved to a lesser degree for
T16 Propellant., Although strand ballistic data on several lots
of Tl6 and T19 Propellants containing the combination stabilizer
exhibited slightly higher temperature coefficients than normal
while maintaining a mesa-type burning rate versus pressure re-
lationship, further investigation revealed that the substitution
of 1% h-nitro-N-methylaniline for 1% ethyl centralite in the two
rocket propellants under consideration did not detract from the
low temperature coefficient, mesa-type ballistics characteristic
of these two formulations.

CONCLUSTONS

It is concluded that the replacement of ethyl centralite as
the stabilizer in T1l6 and T19 Propellants with a combination
stabilizer consisting of half (1%§ ethyl centralite plus half
(1%) h-nitro-N-methylaniline greatly improved the chemical
stability, storage life, and cyclic life of both compositions
without vitiating the low temperature coefficient, mesa-type
ballistics normally associated with these two formulations.
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RECOMMENDATIONS

It is recommended that:

a. Pending the successful completion of static firing tests
which are currently being conducted with Pilot Lot Nos., 334 and
335 to further establish the ballistic characteristics, considera-
tion be given to modifying the compositions and specifications
for T16 and T19 Propellants by substituting 1% 4-nitro-N-methyl-
aniline for 1% ethyl centralite in each formulation,

b, A specification be prepared covering 4-nitro-N-methyl-
aniline,

¢, Both Tl6 and T19 Propellants amended by the utilization
of a combination stabilizer consisting of 1% 4-nitro-N-methyl-
aniline plus 1% ethyl centralite be subjected to long-term testing
under Project No, TU2-4D (Storage Stability of Rocket Propellants).

d. Consideration be given to determining by tests if the
incorporation of 4-nitro-N-methylaniline in other double-base
rocket propellants currently in use can impart comparable im-
provements,

e .
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INTRODUCTION ¢

1. Although the safe life of a propellant as related to the
point of spontaneous decomposition is sufficiently long even at
elevated temperatures for all standard double-base rocket formu-—
lations, the safe life period of large-web grains is considerably
shorter due to the formation of cracks. This cracking is a result
of the gas pressure created by the decomposition products of the
propellant., Although no cracking problems arise in the case of
thin-web grains because the decomposition gases evolved at ele-
vated temperatures easily diffuse through the propellant, thick-
web grains crack quite readily when subjected to accelerated .
high temperature storage conditions. Consequently, this Arsenal
is continuously searching for new stabilizers for rocket propel=-
lants that postpone cracking for thick-web geometries.

2. Basic research by the U.S5. Naval Powder Factory as re-
ported in Semi-Annual Report 1, 1 July 1950 - 31 December 1950,
showed that nearly all N-substituted aromatic nitramines are good
stabilizers except the 2-nitro-N-~alkyl anilines. One of the
reasons found for this superiority of the nitro-aromatic second-
ary amines is that their affinity for nitrogen dioxide is very
great and the reaction between nitrogen dioxide and stabilizer is
rapid and complete, so that no nitric oxide is formed. In the
case of ethyl centralite, diphenylamine, and acardite, substan-
tial amounts of nitric oxide are formed on exposure of these
stabilizers to nitrogen dioxide. Furthermore, the nitro group to
some extent neutralizes the secondary amine, forming a neutral
compound that is compatible with nitrocellulose., It is not
evident from the work performed which nitro-aromatic secondary
amine gives the best stabilizing efficiency. However, based upon
short-term chemical stability tests it was indicated that A-nitro-
N-methylaniline imparted excellent stability properties to double-
base propellants when incorporated in small concentrations.

3. This report covers the evaluation of A-nitro-N-methyl-
aniline in T16 and T19 Propellants, both of which are newly
developed mesa~type, double-base rocket propellants. Although
these two formuilations exhibit good stability characteristics,
with T16 Propellant superior to the T19 Formulation, work was con-
ducted with these two compositions toward increasing the storage
life based on the ability of A-nitro-N-methylaniline to completely
remove the oxides of nitrogen propellant decomposition products,
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4, The L-nitro-N-methylaniline utiligzed in this investiga-
tion was procured from the Eastman Kodak Company. The properties
of this material are outlined in Table 1.

RESULTS

5, The results of incorporating various combinations of
ethyl centralite, 2-nitrodiphenylamine, and 4-nitro-N-methyl-
aniline as the stabilizer in T16 Propellant (Pilot Lot Nos. 14k~
149) are summarized below. The specific compositions, and sta-
bility, ballistic, physical, and processing properties data are
tabulated in Table No, 2, Figures 1 through 6 represent a
logarithmic plot of the strand burning-rate versus pressure for
each of the six compositions,

a. The use of Lf-nitro-N-methylaniline alone or in con-
junction with either ethyl centralite or 2-nitrodiphenylamine
exhibited excellent stability characteristics as evidenced by the .
short-term stability tests employed. The 65.5°C, surveillance
test has been in progress for all six compositions since January
19523 however, no end-point has been reached to date.

b. Replacement of part or all of the ethyl centralite
currently used in T16 Propellant with either 2-nitrodiphenylamine
or L-nitro-N-methylaniline or combinations thereof did not ad-
versely .affect the low temperature coefficient, mesa-type strand
burning-rate characteristics,

c. low-rate compression and tension tests indicated that
the use of stabilizers other than ethyl centralite in T16 Propel-
lant resulted in physical properties comparable to standard T16
Propellant,

6. The results of incorporating a combination stabilizer
consisting of 1% 4-nitro-N-methylaniline plus 1% ethyl centralite
in T16é and T19 Propellants are summarized below. The specific
compositions, and stability, accelerated storage, cyclic ballis-
tic, and processing characteristics for Pilot Lot Nos. 334, 3344,
334A1, 3348, 335, and 335A are tabulated in Table No. 3 in com~
parison to s.andard T19 and T16 Propellants (Pilot Lot Nos, 276B
(and A) and Slurry No. 6lh, respectively). The strand burning-
rate versus pressure is plotted in Figures 7-15. Photographs of
the propellant grains for Pilot Lot Nos. 334, 335, 276B, and .
Slurry No., 614 after completion of the accelerated storage and
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cyclic tests are given in Photos. M-42406/3, M-42406/5, M-L2406/1,
M~42931, M~42933, M-42930, and l-42932.

a, The short-term stability test results for the two
T16 Iropellant lots containing the combination stabilizer (Pilot
Lot Nos. 335 and 335A) confirmed the excellent stability charac-
teristics obtained in the initial investigation of A-nitro-N-
methylaniline in T16 Propellant (Pilot Lot Nos. 144~149).

b. The addition of L-nitro-N-methylaniline to T19 Propel-
lant (Pilot Lot Nos. 334, 3344, and 334B) greatly improved the
stability characteristics as evidenced by the short-term stability
tests employed. The excellent stability data obtained were
comparable to those exhibited by T16 Propellant containing the new
stabilizger, with the latter composition still remaining slightly
better than the similarly modified T1l9 Propellant.

¢, The accelerated storage and cyclic characteristics
for both the T19 and T16 Propellants modified by the inclusion
of 4-nitro-N-methylaniline (Pilot Lot Nos. 334 and 335) were far
superior to the basic formnulations containing ethyl centralite
as the stabilizer. The time to cracking at 170°F. was increased
from 4 days to 11 days for T19 Propellant and from 10 days to 18
days for T16 Propellant. In the shock-cycle test conducted be-
tween ~759F, and 170°F, the number of cycles to cracking was
increased from 3% cycles to 8 cycles for T19 Propellant and from
9 cycles to 12 cycles for Tl6 Propellant.

d. The strand burning-rate data revealed that although
both Pilot Lot Nos. 334 and 335 exhibited mesa-~type ballistics,
the optimum temperature coefficients of 0,13% and 0.17% /OF, were
somewhat higher than the comparable standard formulations,

e. The remanufacture of T19 and T16 Propellants (Pilot
Lot Nos., 334A, 3348, and 335A) resulted in mesa-type strand
ballistics and optimum temperature coefficients of 0,12%, 0,03%,
and 0,11% /OF., respectively. The last two values of temperature
coefficient are in accord with the characteristics of the stand-
ard formilations, whereas the value of 0,12% /°F. for Pilot Lot
No., 334A is somewhat higher than the accepted value of 0,05% /°F,
for T19 Propellant,

f. Reworking of Pilot Lot No. 3344 (Pilot Lot No.

CONFIDENTIAL
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334A1) resulted in low temperature coefficient (0,06% /°F.), mesa-
type ballistics, characteristic of T19 Propellant,

DISCUSSION:

7. The initial investigation on the use of L-nitro-N-methyl-
aniline as a stabilizer for double~base rocket propellants was
conducted with T16 Propellant, which is the most promising rocket
propellant being used in Ordnance applications. The basic T16
formulation, which contains 2% ethyl centralite as the stabilizer,
was modified by the substitution of 2-nitrodiphenylamine and 4~
nitro-N-methylaniline for half or all of the ethyl centralite.

It was also modified amst by the use of a combination of 2-nitro-
diphenylamine and 4-nitro-N-methylaniline as a replacement for
all the ethyl centralite. The selection of 2-nitrodiphenylamine
for inclusion in the investigation was made because both ethyl
centralite and 2-nitrodiphenylamine are currently recogniged as
standard stabilizers for rocket propellants. For those compo-
sitions containing 4-nitro-N-methylaniline either alone or in
conjunction with ethyl centralite or 2-nitrodiphenylamine (Pilot
Lot Nos. 146, 147 and 149), analysis of the 120°C, heat test,
the 90°C, vacuum stability test, and the 110°C, Taliani test
revealed that the stability characteristics of T16 Propellant
were greatly enhanced by the presence of this compound. The
values obtained in all three stability tests employed were far
superior to the data obtained for standard T16 Propellant

(Pilot Lot No. 14k - control lot] containing 2% ethyl centralite
and T16 Propellant manufactured with 2-nitrodiphenylamine (Pilot
Lot No. 148) or a combination of ethyl centralite plus 2-nitro-
diphenylamine (Pilot Lot No. 145). Furthermore, the modification
in stabilizer in all cases did not adversely affect the low
temperature coefficient, mesa-type ballistics associated with
T16 Propellant nor did it adversely affect the physical
properties of T16 Propellant.

8, Based on the ability of 4-nitro-N-methylaniline to more
completely remove the decomposition products of the propellant
than ethyl centralite as indicated by the 90°C. vacuum stability
test and the 110°C. Taliani test, where the gas evolved is con-
siderably less than that evolved from the control lot, further
work was conducted by manufacturing thick-web grains of both T19
and T16 Propellants (Pilot Lot Nos. 334 and 335) containing 1%
L-nitro-N-methylaniline plus 1% ethyl centralite to determine the
time to cracking under accelerated storage and cyclic conditions.
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The combination stabilizer was selected in preference to the use
of 4-nitro-N-methylaniline alone because ethyl centralite is a
tried and proven stabiliger capable of imparting chemical stability
to double-~base propellants over a long period of time. Conse-
quently, it was desired to combine the ability of L-nitro-N-methyl-
aniline to react more completely with the oxides of nitrogen
decomposition products of double-base propellants with the afore-
mentioned desirable properties of ethyl centralite.

9. The stability characteristics for both T19 and T16 Pro-
pellants containing half ethyl centralite plus half 4-nitro-N-
methylaniline (Pilot Lot Nos. 334 and 335) were far superior to
the standard compositions as evidenced by all three chemical
stability tests employed. The excellent chemical stability
characteristics attainable through the use of L-nitro-N-methyl-
aniline were demonstrated to hold true for T19 as well as T16
Propellant. The days to cracking at 170°F. were increased
almost threefold for T19 Propellant and twofold for T16 Pro-
pellant. Thus it is apparent that the utilization of a 4-nitro-
N-methylaniline plus ethyl centralite combination stabiligzer
imparts both resistance to cracking for thick-web grains under
elevated storage plus excellent chemical stability over and
above the good stability characteristics currently exhibited by
T19 and T1é Propellants by more completely reacting with the
gases evolved. In addition, the number of cycles to cracking
between -75°F, and 170°F, was substantially increased for T19
Propellant and improved to a lesser degree for Tl6 Propellant.
This improvement in the resistance to thermal shock is in
accordance with the improvement obtained in the time to crack-
ing at elevated temperature storage conditions by the substi-
tution of 1% A-nitro-N-methylaniline for 1% ethyl centralite
in both T19 and T16 Propellants. This indicates that the ability
of L-nitro-N-methylaniline to react rapidly with the propellant
decomposition products dnring the high temperature storage phase
of shock-cycling is a factor in improving the resistance to
thermal shock,

10. The strand ballistic dzta for Pilot Lot Nos. 334 and 335
indicated that the replacement of 1% ethyl centralite by 1% L-
nitro-N-methylaniline did not interfere with the mesa-type
ballistics normally associated with T19 and T16 Propellants. In
both lots there was a larger spread than normal between the low
temperature and the high temperature burning-rate curve. However,
it does not appear that this difference in ballistics is attributable
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to the medification in stabilizer, because the control lot for
T19 Propellant (Pilot Lot No. 276B) which was manufactured at the
same time behaved in the same manner. Furthermore, initial in-
vestigation of 4-nitro-N-methylaniline in T16 Propellant did not
alter the ballistics of T16 in any respect. Investigation into
the reason for the somewhat higher temperature coefficient in
Pilot Lot Nos. 276B, 334, and 335 revealed that a new lot of
nitrocellulose was used for the first time in the manufacture of
the three lots in question. OSubsequently, several other batches
of propellant manufactured from this lot of nitrocellulose also
exhibited higher temperature coefficients than normal, thus
indicating that the particular lot of nitrocellulose may have been
the cause of the difficulty,

11, The discrepancy in the strand ballistic results with re-
gard to the slightly higher temperature coefficients exhibited
by Pilot Lot Nos. 276B, 334, and 335 was investigated further by
remanufacturing the last two compositions with another lot of
nitrocellulose and designating them as Pilot Lot Nos. 334A and
335A. Pilot Lot No. 335A reproduced typical T1lé Propellant,
mesa~type, low temperature coefficient strand burning-rate
characteristics., Although Pilot Lot No. 334A exhibited good
mesa-type, strand burning-rate characteristics at a burning-rate
level of 0.5 ips on the plateau portion of the mesa, the -4O°F,
isotherm was rather low, thus resulting in an optimum tempera-
ture coefficient of 0,12% /°F., which was somewhat greater than
the value of 0.05% /°F. normally obtained for T19 Propellant,

12, In an effort to determine whether the poor low tempera-
ture ballistics obtained for Pilot Lot No. 334A may have been
caused by an inferior distribution of lead salts, the remaining
propellant grains were cut into wafers, rolled into even-speed
sheets, and extruded in a 4-inch solventless press in an attempt
to further distribute th= ballistic modifiers. The extruded
propellant was designated as Pilot Lot No. 334Al. At the same
time ancther lot of T19 Propellant modified by the incorporation
of a combination stabilizer consisting of 1% ethyl centralite
plus 1% 4-nitro-N-methylaniline was manufactured and designated
as Pilot Lot No., 334B for ballistic evaluation. The strand burn-
ing-rate data for Pilot Lot No, 334AL revealed a definite increase
in the burning-rate level of the -40°F, isotherm without any
modification in the burning characteristics at room and elevated
temperatures. This resulted in an optimum temperature coefficient
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of pressure of 0.,06% /°F., which was almost equivalent to that of
standard T19 Propellant. Thus it was apparent that an inadequate
distribution of lead salts did exist in Pilot Iot No. 334A and
that further working of this propellant both on the rolls and in
the extrusion press sufficiently redistributed the lead compounds
to enable the maximum ballistic effect to be obtained. Evaluation
of Pilot Lot No. 334B indicated that it exhibited mesa-type, low
temperature coefficient ballistics similar to standard T19 Propel-
lant. The difference in the ballistic results obtained between
Pilot Lot No. 334A and Pilot Lot No. 33.4B, both of which were
manufactured from the same lot of nitrocellulose, indicates the
limitations of the small-scale solventless equipment available at
this Arsenal. Although the two lots were manufactured by the same
procedure, the former did not possess an adequate distribution of
lead salts as evidenced by the results of reworking this lot of
propellant - Pilot Lot No. 334A1. Such a discrepancy is not unu-
sual, as previous work has indicated that the solventless process-
ing of large-scale lots invariably results in a superior product
when compared to the propellant produced from the small-scale
solventless equipment. The major drawback to date in the 30-~pound
scale facilities has been the lack of an adequate slurry tank to
properly disperse the propellant ingredients. Further work, which
will consist of conducting extensive static firing tests on Pilot
Lot Nos., 334B and 335A to corroborate the strand ballistic re-
sults, will be reported upon completion of these tests,

EXPERIMENT AL PROCEDURE:

13. Thirty-pound batches of Pilot lot Nos. 144~149 were manu-
factured by the slurry process to the even-speed sheet stage in
accordance with the procedure described in Picatinny Arsenal
Technical Report No. 1781, From the even-speed sheets, four-inch
diameter discs were punched and these discs were subsequently ex-
truded in a four-inch solventless extrusion press as a solid rod
one inch in diameter,

14, Two-hundred-and-forty-pound batches of Pilot Lot Nos.,
276B, 334, and 335 were manufactured by blending eight thirty-
pound batches after drying the paste to a moisture content of &
to 12 percent and were extruded as grains 5 inches OD by 1 inch
ID by 10 inches long for accelerated storage and shock-cycle tests.
Ninety-pound batches of Pilot Lot Nos. 334A, 334B, and 335A were
manufactured by blending three thirty-pound batches after drying
the paste to a moisture content of 8 to 12 percent and were
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extruded as grains 1.7 inches OD by 0.6 inches ID by 6 inches
long for ballistic evaluation in the 2-inch test motor. Pilot
Lot No. 33441 was manufactured from Pilot Lot No. 334A by cutting
the extruded grains into wafers, rolling the wafers into even-
speed sheets, punching four-inch diameter discs from the sheets,
and extruding in a four-inch solventless extrusion press as a
l~inch solid rod from which burning~rate strands were prepared.
Large-scale lots of Pilot Lot No. 276A (750 1b) and Slurry No.
614 (1952) (1700 1b) were manufactured by the slurry process and
extruded into grains in standard production-type solventless
equipment, For both the small-scale and the large-scale lots,
the triacetin, which is a water-soluble, non-explosive plasticizer,
was incorporated directly into the slurry tank. The procedure
used is reported in Picatinny Arsenal Technical Report No. 1781,

15, The 90°C, vacuum stability test and the 120°C. heat test
values were determined according to the method described in
Picatinny Arsenal Technical Report No., 1401, Revision 1. The
élOOC. Taliani test was conducted in accordance with NAVORD 0S

L78,

16. The accelerated storage test was conducted at 170°F, by
storing two grains, 5 inches OD by 1 inch ID by 10 inches long,
for each composition in converted 105 mm cartridge storage con-~
tainers and determining the days to cracking by daily visual
examination.

17. The cyclic test was conducted on two grains, 5 inches OD
by 1 inch ID by 10 inches long, by shock-cycling between -75°F,
and 170°F., with one cycle consisting of 24-hour storage at each
temperature. One grain of each composition was started at -75°F,
and the other grain was started at £1709F,, with the grains being
stored naked. Visual inspection for cracking was conducted at
the end of each half-cycle when the grains were transferred from
one extreme temperature to the other.

18, The procedure used in determining the heat of explosion
is described in Picatinny Arsenal Chemical Laboratory Report No.
134476,

19. The procedure used in determining the strand burning-rate
data is described in Picatinny Arsenal Technical Report No. 1820.

20, The procedure used to determine the compression data is

10

CONFIDENTIAL

e oS o e i



CONFIDENTIAL

in accordance with the "Method for Determining the Compressive
Properties of Solid Rocket Propellants" as recommended by the
Joint Army-Navy Panel on Physical Properties of Solid Propel-
lants.

21, The tensile test specimen consisted of a cylindrical
gage section 0.5 inch in diameter by 2.25 inches long and
cylindrical end sections 0.6 inch in diameter with a 3-~inch radius
at the junction between the gage and end sections. The over-all
length for the specimen was 6 inches. The speed of testing was
0.1 inch per minute per inch of specimen gage length.

INCLOSURES :
1-3, Tables 1=3
L-18, Figs 1-15

19-25, Photographs M-42406/3, M~42406/5, M-42406/1, M~42931,
M-42933, M-42930, M-}2932

1l
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Table 1

Properties of 4~Nitro-N-Methylaniline Received from Eastman Kodak Co.

Composition L4~Nitro-N-Methylaniline
Formula
CHs
I
NH
NO,
Analysis
Color Yellow
Form Impalpable powder
Purity 100.15
Melting point, ©°C 151
Moisture, % 0,05
Acetone insoluble matter, # 0.02
Ash, % 0.04
Acidity, mg KOH/g of sample 0,05
pH of water extract 5.0

(Determined at Picatinny Arsenal as described in General Labora-

tory Report No. 53-HI-2892)
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TABLE 2

Stability, Ballistio, Physical, and Processing Characteristics of Pilot lot Nos. 144349

Filot Lot No. (116 Prmll ) e pUL] 142 A8 P
opellant
A. Composition, £ Nominel Analysis | Nowinal Anglysis | Nomina) Analyeis | Nominal Analysis | Nominal Analysie | Nominal Analysis
Nitrocellulone, 12,2%N 555 53.26 55.5 She37 5545 5641 5545 56,1 55,5 55.98 5545 55.5
Nitroglycerin 27.5 28.17 275 28,13 27,5 28,1 27.5 27.1 27.5 2749 27.5 27.3
Triscetin 13.0 .54 13.0 13.13 13,0 11,7 3.0 13.1 13.0 12.55 13. 1344
EthylCetralite 2, 0 2.1% 1,0 0,92 1.0 1.0 - - - G - -
2-Nitrodiphenylamine - 1.0 1.17 - - 1.0 0.9 2,0 2.12 - -
4~Nitro ~ N « Methylanilime® -- - - - 1.0 1}0 1.0 0.9 - - 2,0 1.8
Lead Stearate 2.0 1.88 2,0 2,28 2,0 2,1 2,0 1.9 2.0 1.86 2,0 2,0
Carbon Black (added) 0.03 0.08 0,03 0.06 0,03 0.07 0,03 0.07 0.03 0.07 0.03 0.09
#Eastman Kodak Co.
B, Stabllity Characteristics
1. 120°C Heat Test
Salmon Pink, min a5 80 130 140 95 185
Red Pumes, min 0 85 135 Us 100 1%
Explosion, ain 3004 3004 3004 3004 3004 3004
2, 90°C Vacuum Stabllity
Test
M1, gas after LO hours 2,23 2,18 0,56 .42 1,20 0.39
3. 110%C Taliani Test
Slops at 100 mm 0,85 0.89 0.68 0455 0,57 0.36
Minutes to 100 mm 180 124 252 286 222 298
Slops at 100 min 1.05 0.58 0.18 0.35 0.77 0,20
4e 65,5°C Surveillance
est
No. of days in progress 689 686 686 696 696 696
as of Deceaber 15, 1953
with no end point,
C. Bajlistic Characteristics
1. Heat of osion, ca
Calculated {Nominal T34 k{7 75 758 752 765
Calculated {Analysis) 203 736 79 757 762 755
Experimental 761 m 763 T3 %6 767
2. Strand Burning-Rate Data (see Fig 1) (su PFig 2) see Fig 3) (ses Fig &4 (see Fig 5) {see Fig b)
op oo Buraing Rate, fpe 207 260%%| 2P leoor Ez b oF 1@2’5 ZOF  LEOF °F  L600F
1000 poi 032 0.3 0.33 0.39 0.27 0.27 0,33 0,36 0,33 0,37 0.31 0.32
1500 psd 0,22 0,29 0.27 0.31 0.22 0.28 0,26 0.3 0,30 0.35 0.23 0.31
2000 psi 0,27 0,35 0.29 0.36 0,28 0.35 0.30 0.38 0.3 0. 0,27 0.36
(b) Pressure Expon- Pres Int N Press Int N Press Int N__ |Pregs Int N Presy Int N | Press Int N
wat, N, at 70°F “600.800  0.50 600-800 0,93 | 600-800  0.30 | 600-800 0.50 | 600~800 0.07 600-800 0,77
8001190  0.09 800-1240 0,07 800-1000 -0.23 8001000 0.12 800-1000 1.23 800-1000 «0,21
1190-1400 =1.25 1240-1600 =~1.20 |1000-3240 «1.57 |1000.1220 1,50 | 1000~1700 «0.30 1000-1200 -2,30
1400.2600 0,72 1600-2600 0,62 |1240-2600 0.72 |1220-2600 0.47 | 1700~2600 0.60 1200—2% g.%
(¢) Tcupernurz O)o- Prs:s at Progs at e Press st x Presoat Prossat . x Press at
afficient (TC © P/ IC ¥ B/r MP | 744 ¥ _P/r _IC mfl’ [r. r P/r_ _1C
of Pressure at 800 2530 076‘1 ‘20-“ 2380 0.13| 800 2830 O | 800 2560 0.17 | 800 3080 0.40 '% 2,70 0.C8
Constant P/r 1000 3080 0 1000 2990 0aD} 1000 3700 0 1000 0,06 1000 298¢ 0,13 1000 3230 0
from 70 to 160%% 1200 L3%0 0 1200 3510 0L3] 1100 4710 0.08 1100 3840 0.12 1200 3760 0,11 1100 4260 0,10
%/°r 1300 5550 0.39] 1400 4650 O 1200 5890 0.68 1200 4800 0.38 1600 4650  0.28 1150 5000 0.38
1500 5550 0.3
D. Physical Charscteristics
1. Compressive Propertiss .
Temperature, OF % Vui 60 ﬁ_ 77 160 17 199 =65 _77. _60 =65 17 160 =6 77.. i
Stress at Rupture,pd 32 - — CO == e oo - 25400  w- — 27900 - - 23 — -—
% Comprassion at
Rupture 3.7 - - 3.2 — - 3.8 - — 3.6 — — 3.5 -— -— 4ol - -
Stress at 60%. Com-
pression, psi 2000 199 — 2360 201 -~ 283 315 — 2510 276 - 2650 287 - 2840 258
Work to Produce 5948 617 5.1} 47.2 56,1 86 1610 67.0 T.1 42,6 60.5 5.8 30.3 6he¥ 7.9 49.3  68.6 S
Rupture or
&% Compression,
ft-1b/cu.in.
2. Tsile Properties
smperature, . 1. 160 10 160
su-;n at Separation, 440 7%%% I.%Z— #.5 391 .32 Ag- 97.5 LZ% 9%?%— kg 79.1
13
£ Elongation at 20.9 18,7 17,9  18.3 15.6 1649 17.0 247 15.4 12,2 19.1 19.9
Separation
Work to Froduce 5.7 0.7 5.0 0.8 36 0.6 5.2 0,7 5.6 0.6 5.8 0.9
Separation, ft-1b/
ou.dn.
E mm_cmgﬁmn
Small-scale batches of all the above compositions processed uu-factoruy to the even<speed shest stage and were extruded with mo
daifriculty, No appreclable difference was detected in the pr ing teristics or in the texture and appearance of the final)

shests and grains for the above compositions sxoept for slight variations in color.

Basically all of the compositions were black.

Homtr, the introduction of 2-nitro diphenylaxine to the T1é Matrix resulted in an orange tint while the addition of 4-nitro - N -

mathylaniline caused a green shade.
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A, 258 2 i g 25 dn ]
(PUA Lol 40.2708) | (Plist Lot Lo ¢T0a A8Lurry (0 0Le-2954)
Sominal Solinsi fominel  aguiysia Nomunal Sominal  ansigeis | howinel ansigers | msines  aculysis| 1 amalysis
330 Do 3.0 2.9 4.0 430 33,00 55,3 5503 35,5 553 | 985 sNaA
¥ n.e N v .77 N nw .98 7.5 28,72 9.5 21,51 7.8 27.1%
Triacetin e 1209 1l Fe e FY ey 2. U pre JORT ) i 16,38 FS N9 Ldousy ihe 2
Ethyl Centralite dew w7 lv Y dev bad a0 2.2} dov oA Ao RS 2.0
4-Nitro-heMethyluniiines Lo 129 L L pore Los - .- - L v.88 1 w.R -
Seltoylate 23 Load .5 PR 2.3 1 EN) 2.3 1.2 - o - o - ~
Lead Stearate w3 % v’ et v Vol vt wd v.b2 i 095 20 XA 26 2,16
Carbon Blaok (addnd) v.03 vt 0.0} vl U vl el vt ) et “v3 ol [P T
Laadee - b - - - ey o - ed¥ - - - - -~ --
SEastain aodax Co,
eeBatance of lead as de-
terained froa difference of
total Lead und lesd present
9 1043 salicyiete and Laad
stearate
3. jtabuiaty chagecteristios
Salach FInk, 113 123 - 1% 73 (1] 5 o &
Ked Fuaes, £in s 1% N s e “ 7 1% 9
Baplosian, min Ay K - 3008 00 iy Juop o0 R
2. HE gaowue sv..uu_; Iest
5“10, &ep alter Ly .83 e - a2 1w 1) Vet v R 1.8
3. MG Teltant
peal - wn v - . .9 ..99 «8) ~.63 (28
Linutes to Lk se 2t mn - - s Lt 2% 29 1%
Slops at 1 Kln .23 ved$ - vy .8 1ol .28 (o} o
“ 9 S»Arvnmnc- e
m of Lgs YR 1
of Decaater i3, T8 i i
fo end-polnt &7 2tk - X iad iy w08 260 wiie
The sari1ent Lot of Ti6 Propeuert LPLIG Bl do. 331 Asnufectarhd ot TAS arserei id Slics I progress afjer 118h deys with np snd-poirt
3 ?uuhmud stonF Test
EERY * 14 logey
Daye to Iracking et AP n - - -~ “ - 18 - 1
1#hote Lea2WXY) (Proto hkdi) iPhote u-cRUBA) N0 Phot.
6. gegle fest Initiel 1aitial Initiel thitial Initial gaitial ltnataal  ettied
Jeap | Teap o Jemp  Tesp Ieep, N
"'°°‘ 1% e cong. L7 QNG Lo ARy 132 A7 28 Lpr
»{El'l 1o _orecking N
lro- -9 1Y L) K - .- - 3 3% - 4 12¢ - 74 o
{ne cyule cons: of {Phato N~u2931; Photo M=AIT K 1Phote §=29331 iPhoto w2932
24 BF¥ SApCIUre Al #ach
Leapereture
G. Balitstio Chersctapissict
1. t of catcn,ca
€ ula b &25 o3 [*3] n3 a2 812 7% 7% e
Gaiculated (analysie ns - - 803 - 3] Tl n3 208
Sxperinental 792 78 & R 8.6 %2 758
2. Strang Burning.fate Jmte (vee Fag " 200 Fig 8) ou Fig 9 (oee Fig du' " (oee T1g A3 taee Fig 13 (ase Fig 18]
Of 4 oy r e 2°F it 1% ’ F LgoF
B oo ol cé’ u’g 315 Mt el B oty e T TN B
150 pa1 Vo3l wukk 0.7 [viad 0.93 0. w 0.8 w57 0.49 0.52 L. | i vaab 82 & Gl 0 w29 L7 v s
2000 pet Gulb wdb Oub [0S 0wl 0. VAl Lk? BRI L R 039 B | w7 08 B fuds WIS B L wZT LY 021 .l .39
\b) Pressure Sxponent, press int  n rees int n o8 fat s wes 3t o a0 ot o a8 [nt 5 w0 It o
P S = s e | vl |EERE oh |Tde i +4 =]
Aela® 0.2 el KX M FOCERCTA VST B PLVIN T RS T RSN .38 L2l U . 80-1000
171900 =240 1R-20 0099 | lowm2ed  wi82 1 10002AL -andd 13l ol JAK0-R00 -1 MRO-IEK a9) (25T o137 | 1000-1aX -1.18
G020 0% 2250-2000  Ouke 20002600 wibl | 20002000 1038 W20 062 | 200268 u.th B570-2600  weid | 14J0-2000 L.k
10} Temparaturs Co- Prese st Fregs at Progs at Pregu at prese presa at Press ot Prevs ot rn;; v
erficient (T of m? x e T g[ r : £ £ 1 EE L) E&fg L Rr TG
Preasure at Con- z&z' Z.‘!’! %SLEP’F ] &é’a‘&' ;.X‘! JER' 5.“ &L P YEEL S?E Ty )&5 . z%ﬁ 033 IZu%E TR
stagt Por froa LG 380 w2 [M00 2580 va? {0 IBlv vl LA N0 vk Jlear WK w8 Ll 2% o | 1200w 02) [ Lw w0 23] 200 w18
.53' to 10%7, Lo Slv wl8 6N XL vl JIs0 WK w06 IR0 1A w03 JI6K Joue w3 flew 0& w2 | LR @l wX P len 8% wl) 12% vld
1 166 3920 w3 J180 3570 002 [0 2 08 TIKC Wl v [1o% ek vadk Fa70 RS Geed |0 08 w7 IR0 5% vaa] DX s)
1 wd0 Gk 1800 Al we?
" prozsesing Charesteristics

TC-UNdred~and- forty- pound Salchss of Fliot Lob Mo, 2768, Yii,and I} were manufuctrsd ard WEruded o8 gruing % U by 1% 1 by I jomy  for acCessTuted HoTege vad fyclic Lests. Ninety.pound batches of
PLLGt Lot KOS, sJen, J3AB, sN0 .34 TS MmDGfsOLired oNG €xLruded we greind 4.7 GO by ..0% 1. 0F 07loay fof Swiai3ta0 Sv.audbion 36 Lne 2 teSt Zotur. Pilob Lot 33kal %ap manufectursd fros PUS
100 86, 3Jua Dy ¢4LLlng the €2LrUEG rainl ANLO WafETe, ro,uang Lhe SufATS 1ALC E¥OL-BOA0U SPMELS AUEALNg 4P AL4ETLET LEDS (Fab the MEELE, 0 GALTLALNg 1N & 4 SOLVNLieRs EXUIUBION PLEID «3 &

4* #0113 Fod, fPoR RRICh DUPTARG~Fule SLrands were prepered  FLsoh Lol 40 J%a ond SLaPry Ko bla Fe;resent large-0Ceie 1018 175 1b and 1AL D, respactively of 1y ard Tad Frocicant. oll the abore

s0ts of Tis and TA9 Fropecsant moaif10d by L08 I arpafetion of IS &-nilrosk~aetbadniling puus LS AThyl cantraiile Orocessed #atiglectofily to LA Evan-SPed IDESL SLAgY &l WITE GXLIuded »ith ac

dfficulty. ko nypruhno ay NG iR GELEI. 40 1N Lhe proceEsing CharecLerislics of ih the TEXLLTE and wpphu # of wn# {inal wheals «na gPeins foF the Qifferest compoditiors. in
or po! 13 thylaniline resultsd in « greenish tint Lo the novewlly black color of Tio 4nd T19 Propelients.
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CONFIDENTIAL

Propellant Data Sheet for Pilot Lot No. 144

Somposition, % Nominal Analysis Thermodynamic Proverties
Nitrocellulose, 12,2%N* 5545 53.26 Heat of Explosion, cal/gm
Nitroglycerin 27.5 28,17 Calc (Nom) 734
Triacetin 13.0 14,54 Expt 761

Ethyl Centralite 2.0 2.15 Calc (Anal) 703
Llead Stearate 2.0 1.88
Carbon Black (added) 0.03 0.08

¥Hercules Lot No. 9251y

Strand Trning Rate Characteristics

1173 - " " ¥ T

A W T

ot

o 3 ®»® 0 O
1
+
I
I

3
Ut
1
1
)
+
1

w
:p#

Burning Rate, in/sec
~
!

IRNSES

ITK

1T

1 L

15 [ L 1 1
b 56 7 .89 10 1.5 2.0 2,5 3.0 4.0

Pressure, 1000 psi

{ Exprment at 70°F Temp Coeff of Pressure at Congtan
Press Ranre,psi Slo§§ (n) P/r from ! to0 160

600-800 0.50 Press at Ratio Temp Coeff,
800-1190 0.09 70°F, psi P/r 2/°F
1190-1400 -1.25 800 2530 0,07
1400-2600 0.72 1000 3080 0
1200 4350 0
1300 5550 0.39
CONFIDENTIAL

Figure 1



i CONFIDENTIAL

Propellant Data Sheet for Pilot Lot No, 145

Composition, % Nominal Analysis Theymodyramic Propertie
Nitrocellulose, 12,28N* 55.5 54,37 Heat of Explosion, cal/gm
; Nitroglycerin 27.5 28.13 Calc (Nom) 74k

Triacetin 13.0 13.13 Expt 771
Ethyl Centralite 1.0 0.92 Calec (Anal) 736
2-Nitrodiphenylamine 1.0 1.17
2.0
0.0

Lead Stearate 2,28
Carbon Black (added) 3 0.06

*#Hercules lot No. 9251Y

Strand Bnrring Rate Characteristics

1.0
) tH ES3E3E HEHE i HHF
.9 - AT FHHH
T FTIH IR HH Y
.8 h 1 b 1 1 1
ESRRRE s ai2EcHHH
7 FH HFHHHY L“‘E'#
6 sSggetsiiastesistssitt,
o’ tT31333 L1
Q - g j RENSRSS e
{ 5 ; P 111 S3Ess
. -+ Emiy
A I T HITHPHEHEH s
o RS EEess
g ok - J A
w0 SR =S ESSESSEEE
b HHH HALA
N LT IPT
: sl
m F+ 434 111 g2
i gacsss
s &2 ::tJZ-L g
.2 +44 t
311 "‘ {44
. 111 1 i v
HHY !
- 2 gEEdteE B i
A
i A 5 6 7 .8 .9 10 1.5 2.0 2,5 3,0 4.0

Pressure, 1000 psi

; Exporent at 70°F Temp Coeff of Pressure at Constan
y Presg Range,psi Sloé () P/r from =70CF to 160°F

600-800 0. Press at Ratio Temp Coeff,
800-1240 0.3’37 70°F, psi P/r 2/°F

16002600 0.62 1000 2990 0.10
1200 3510 -0.03
1400 14,650 0
' 1500 5550 0.32
CONFIDENTIAL
Figure 2
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CONFIDENTIAL

Propellant Datae Sheet for Filot Lot No. 146

CGomposition, % Nominal Analysis Thermodynamic Propertie
Nitrocellulose, 12.2%N* 55.5 6. Heat of Explosion, cal%gm

C R N TR

56.1
Mitroglycerin 27.5 28.1 Calc (Nom) 750
Triacetin 13.0 11.7 Expt 763
Ethyl Centralite 1.0 1.0 Calc (Anal) 779
L=Nitro-N-Methylaniline 1.0 1.0
Lesad Stearate 2.0 2.1
Carbon Black (added) 0,03 0.07

#Hercules Lot No, 9251Y
Strand Burning Rate Characteristics

st

o~ 3 m O O

.
\n
+

3
W

Burning Rate, in/sec
™

1T

02 i3 M
; i 1
P . 15 1 1 1 1
£ A5 6 7 8.9 10 L5 2.0 2.5 3.0 4.0
«; Pressure, 1000-psi
e xponent at 70OF Temp Coeff of Pressure at Consgtant
Pregs Range,psi Sloé CE P/r from -O'F to 160
600=-800 0. Press at Ratlo Temp Coeff
800-1000 .0.3‘3’ 70°F, pal P/r 4/°F
1000-1240 -1.57 800 2820 0
1240-2600 0.72 1000 3700 0
1100 470 0.08
1200 5890 0.68
CONFIDENTIAL
Flgure 3
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CONFIDENTIAL

Propellant Data Sheet for Pilot Lot No. 147

Gomposition, % Nominal Analysis Thermodynamic Propertie
Nitrocellulose, 12,2%Nst 55.5 56,1 Heat of Explosion, cal/gm

Nitroglycerin 27.5 27.1 Calc (Nom) 758
{ Triacetin 13.0 13.1 Expt 773
% 2-Nitrodiphenylamine 1.0 0.9 Calc (Anal) 757
: L-Nitro-N-Methylaniline 1.0 0.9

Lead Stearate 2,0 1.9

Carbon Black (added) 0.03 0.07

#Hercules Lot No. 9249Y
9 Strand Burning Rate Characteristics

1,0 .
.9 i PR
.8 e -
7 S |
6 S i
8 it JEEzEsggacis (1
n 15 -
~. o o T_L:: :
ﬁ .5 Sk - -
)
g A -
oo 1 N N
.5 1 199 : .
£ .3 ESsasaes
3 SEsg=agass
.2 :
Hh .
J5 | : J RN B 1
2 A4oo5 6 7 .89 10 1.5 2.0 2.5 3.0 4.0
Prescure, 1000 psi
o Exponent at 70°F Temp Coeff of Pressure at Congtant
Presg Range,psi Sloé €)) P/r from -P°F to 160
. 600=800 0.50 Press at Ratio TemnOCoeff,
3 800-1000  0.12 70, pel  B/r. _Z/F
£ . 1000-1220  =1.50 800 2560 O%Z )
q 1220-2600 0.47 1000 3080 0. 4
| 1100 3840 0.12 ¥
1200 4,800 0.38
CONFIDENTIAL
Figure 4
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CONFIDENTIAL

Propellant Dgta Sheet for Pilot Lot No. 148

“l Gomposition, % Nominal  Analysis theradpelo Droceriias
' Nitrocellulose, 12,2%N* 55.5 55.98 Hea® gﬁlixpg.;::)m, cgg-zgm
q Nitroglycerin 27.5 27.49 Expt 766

N Triacetin 13.0 12.55 Anal
f 2~Nitrodiphenylamine 2.0 2,12 Cale ¢ ) e
' Lead Stearate 2.0 1.86
Carbon Black (added) 0.03 0.07

*Hercules Lot No. 9249Y

' Strand Burning Rate Characteristics

ot
L3

o 2 & OO

.
A

..

Burning Rate, in/sec
™

3 1
EH ‘;"‘t:
.2 :
v X L
%] 45 6 7 .89 10 1.5 2.0 2.5 3.0 4.0

Pressure, 1000-psi

¥ponent at 709F Temp Coeff of Pressr%ge at Constant
Press Ra_nge,ggi Sl P/r from -0°F %o 160

3 Press at Ratio Temp Coeff
1 oo 008 oal P _&PE
3 10001700 -0.30 20 208 %] .
1700 0 1200 30 0.1 3
1400 4650 0.28
CONFIDENTIAL
Figure 5
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CONFIDENTIAL

Propellant Data Sheet for Pilot lot No. 149

sl Gompogition, % Nominal Analysis Thermodynamic Properties
: Heat of Ixplosion, cal/gm
. Nitrocellulose, 12,2%N% 5545 55.5 Calc (Nom) 765
Nitroglycerin 27.5 27.3 Expt 767
; Triacetin 13.0 13.4 Cale (Anal) 755
: L-Nitro-N-Methylaniline 2,0 1.8
Lead Stearate 2.0 2.0
Carbon Black (added) 0.03 0.09

#Hercules Lot No. 924,9Y
¢ Strand Burning Rate Characteristics

3 4
+ P

s
[

L3

o 93 ®» w0 O

.
\n
}
+
Il

Burning Rate, in/sec
L
>

.3 : 2 o=
iy S
.2 A
o
: 15 i 1 i
k. 45 6 7 8 9L 1.5 2.0 2,5 3.0 4,0

Pressure, 1000-psi

o xponent at 70°F Temp Coeff of Pressure at Constant
IS Press Range, psi Si§g§ (n) P/r from -70°F to 160
L 600-800 0.77

Press at Ratio Temp Coeff,

800-1000 -0.21 20%F, psi B/r %/°F
1000-1200 -2,30 800 2470 0.08
: 1200-2000 0.61 1000 3230 0 e
2000-2600 0.83 1100 4,260 0.10 3
1150 5000 0.38
CONFIDENTIAL
Figure 6
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CONFIDENTIAL

Propellant Data Sheet for Pilot lot No. 334

ompos n Nominal Analysis Thermodynamic Propertie
Nitrocellulose, 12,2%N* 53,0 53,1,  Heat of Explosion, calagm

Nitroglycerin 31.0 30.61 }(;alz (Nom) ?,33
* Ethyl Centralite 1.0 0.78
L-Nitro-N-Methylaniline 1.0 1.29
Lead Salicylate 2,5 1.43
Lead Stearate 0.5 0.50
Carbon Black (added) 0.03 0.07
Leadit* - 0.16
: ; Strand Burning Rate Characteristics
, H0 .= IS S ESSEEEE t HHHEH
.9 asads - Ssass Saass
g 2 }ii : g
'7 s + 3 BES M i 4 :
6 HH it HHHH ‘
o * 33 1 2313 ] §
o - £ 13 3
Q +4 4b.4 3 3 -3 -~4: - ¢
H &3 :
o : R LT P
+> -+ 1+ 1
g dsgEnm
"0 i i
8 T Ty
§.3 & Y
@ 1333133 S5
;:;; - 4
2 EEESEas S ]
RS SEssunnsasizans
% 1" Salss
’1" -5 -6 07 08 .9 100 105 200 205 3'0 4'00

ig“.

Pressure, 1000 psi

s Exprnent at 70OF Temp Coeff of Pressure at Constan
Press Ranpe,psi Slogé (n) P/r from =4O°F to 1A0°F

600-1100 0.51 Press at Ratlo Temp Coeff,
1100-1470 0.21 70°F, psi P/r 4 /OF
1&70-1& -1.10 ll-ggg ;ggg g.gg
1900-2 0.50 . ™
— 1400 3140 0.18 B
*DuPont Lot No, 3 1600 3920 0.13
#*Balance of lead as determined 1700 4310 0.4

from difference of total 1 CONFIDENTT
lead present as lead aalic;‘igt%nd Figure 7 CONFIDENTIAL
and lead stearate,
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CONFIDENTIAL

Propellant Data Sheet for Pilot Lot No. 334A

Ll Somposition, % Nominal Thermodyramic Proverties
Nitrocellulose, 12,2%N# 53.0 Heat of Explosion, cal/gm
Nitroglycerin 31.0 Cale (Nom) 825
% Triacetin 11.0 Expt 798
i Ethyl Centralite 1.0
; 4=~Nitro-N-Methylaniline 1.0
9 lead Salicylate 2.5
' lead Stearate 0.5
' Carbon Black (added) 0.03

‘ *Dup .
i DuPont Lot No. 257 Strand Burning Rate Characteristics

1 .'0 T
1 ESSERERSEIE, i 313
.9 ~ + | ]
Suksuly -+ R R i 1 ]
.8 + 14 4444 N U oY “h<i> L p o . - -
.7 "; SES1 " [
PR H T 4
171 211
. 6 1 :4 HH . I'J{ [1] 113311
0 ggityn B S TREIZRIIENA HiH
3 TR e 111
A »3 25 R 2 11111
g. L A S22 H T HH
é ) = - L 45
- T I . 1337
5 i ST i
B .3 ] :
& FEEESEN
£3t SESSEE
2 = HH §
s
T TETITIIaT ‘
v J5 i i
?t '4 .5 06 07 .8 a9 1\0 1-5 200 205 300 l&oo

Pressure, 1000-psi

spenent, at 70NOF Temp Coeff of Pressure at Constan
Presg Rance,psi Slogé (n) P’y from -Agﬁﬁ to 160°F

600-1130 0.68 Press at Ratlo Temp Coeff,

1130-1700 0 70°F, psi P/r o /OF

1700-2300 -0.85 1200 2270 0.29 A

2300-2600 0.40 1400 2680 0.19 ™
1600 3030 0.15 ¥
1800 3570 0.12

CONFIDENTIAL
Figure 8
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CONFIDENTIAL

Propellant Data Sheet for Pilot lot No, 334A-1
(PL 334 Wafered, re-rolled & re-extruded)

Composition, % Nominal Thermodynamic Propertie
Nitrocellulose, 12,2%N# 53,0 Heat gﬁllzxp%loqm?;éscal e
Nitroglycerin 31,0 Bt OO
Triacetin 1.0 *P
Ethyl Ceatralite 1.0
4=Nitro-N-Methylaniline 1.0
Lead Salicylate 2,5
Lead Stearate 0.5
Carbon Black (added) 0.03
*DuPont Lot Ho. 257 Strand Burning Rate Characteristics
.9 & : e o
.8 t:;?m, Sesssesinnh b Rgdanngnytnn — HE T :
7 pasesd £ Bastnssl ; HITH
.6 at : SREESARAE s ]
§ s H 1 5 5 DN EE &
~ H g 4
ks 5 sazgesiad BEREES 53 H
mﬂ oot —t 1
+ L4+ TH -
8 o4 S5 : VHT
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g i T
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[as] qu
it H
.2 1
: T L 1
15 1 { ‘ M % }
‘1" .5 06 17 08 09 100 105 200 2.5 300 400

Pressure, 1000 psi

g Exponent at 70°F
Press Range,psi Slo

600-1050 1,08 Press at

1050-1600 0.13 70°F. psi

1600-24,00 ~0.92
24,00-2600 0.61

CONFIDENTIAL
Figure 9
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Lemp Coeff of Pressure at Constant,
P/r from -40°F to 160

Ratlo Temp Coeff,

P/e _2/°F

2810 0.15
3080 0,10
3450 0.06
14,280 0.08
3760 0.10
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CONFIDENTIAL

Propellant Data Sheet for Pilot lot No. 334B

Composition, % Nominal Analysis W
Mitrocellulose, 12.26¥ 53,0 52,49 loat of Bxplosion, cal/gm
| Mtroglycerin 31.0 30.77 sale  (Nom) 825
| Triacetin 11.0 12,60 P 30
i Ethyl Centralite 1.0 1.05 Cale (Anal)eos
: L4~Nitro-N-Methylaniline 1.0 1.09
‘ Lead Salicylate 2.5 1.09
' Lead Stearate 0.5 0.45
Carbon Black (added) 0.03 0.0L

Lead¥* - 0.46
' Strand Burning Rate Characteristics

F1T1 3] T 13T 17 .31 1313
I 131173

.

-

N 93 ® 0 O

i
1
1

.
Ut
'

.
)
1

Burning Rate, in/sec
-

.2 st i
. 15 ] i Tt 1 ]
?5 '1" 05 -6 .7 .8 .9 1"’\ 105 200 205 300 400
Pressure, 1000-pai
Pressure Exponent at 70°F E@LQ_'MW
Press Ranre,psi Slo P/r from -40°F to 160
600=~1.200 0.63 Press at Ratlo Temp Coeff,
12001600 0.20 20%, psl B _3LF
1600--2000 -1.21 1200 2220 0.11
2000-2600 1.18 1400 2700 0.04 v
1600 3120 0,03 iy
¥DuPont Lot No. 258B i‘ggg ﬁzg g:gg
**Balance of lead as determined
from difference of total lead CONFIDENTIAL

and lead present as lead
salicylate and lead stearate Figure 10
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CONFIDENTIAL

Propellant Data Sheet for Pilot Lot No, 276B (T19 Propellant)

. Composition, 3 Norinal T_MMMTM
Nitrocellulose, 12,251t 53.0 Heat of Explosion, cal/gm
Nitroglycerin 31.0 Cale  (Nom) 812
Triacebin 11.0 Expt 9N
Ethyl Centralite 2
Lead Salicylate 2
Lead Stearate Co

- Carbon Black (added) 0

#DuPont Lot No. 3

-~ . .
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Pressure, 1000 psi

T
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P.
n
o
3

Pregsure Evprrent at 7NOF Temp Coeff of Pressure at Congtant
; Press Ranre,psi Slope (n) P/r from -40°F to 160°F
. 600=-1200 0.33 Press at Ratio Temp Coeff,
;. 1200-1550 0 70°F, psi P/r 4 /°F

1550-1880 =1.60 1200 2630 0.27
) 1880-2600 0.62 1400 3030 0.18
1600 3640 0.15
1650 4000 0.14

P E

. CONFIDENTIAL
Figure 11
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CONFIDENTIAL

Propellant Data Sheet for Pilot Lot No. 276A (T19 Propcllant)

. Composition, % Nominal Analysis Thermody-amic Pronerties

Nitrocellulose, 12.28N% 53,0 53.66 Heat of Explosion, cal/gm
Nitroglycerin 31.C 2C.98 Cale (Now) €12
Triacetin 11.0 10.96 Expt 826
Ethyl Certralite 2.0 2.23 Calc  (Anal) 823
h Lead Salicylate 2.5 1.26
! . Lead Stearate 0.5 0.62
; Carbon Black (added) 0,03 0.07
. Lead# - 0.29
i Ctrard 3urnine Rate Characteristics
O T T T e T T T o T e,
< - it AT ST R
. TS R Lo b
B8 S RERERaRSSeEesd RRREEEBERal SRR ERsseEiIstLILe
Hl A i
ERZ RAREERRRREasaet: T Tt
61t iy Liﬁéf SRERhans jﬁg§§'¥~ H
< 9% 84 2333 13182
\m 8 SESEE2822 853 7
L
cg ¢ r}.;A 1 SRS SUSOEN by e [
£ AT i i
B .3
i P R e B
15 1 ,,:;,1,1' gessissiitils JHHH fiiiadiseteiss
Al b S 7 891N 1.5 2.0 2,5 3.0 4.0
éi Pressure, 1000-psi

Pressure Evporent at 70CF Temp Coeff of Pressure at Constant
Press Ranre,psi Slope (n) P/r from -40°F to 160

Press at Ratio Temp Coeff
13883288 _g.gg 70°F, psi P/r g/
1600-2000 -1.320 1200 2250 0.09
) 2000-2600 0.56 1400 2560 0.04
—_ 1600 3080 0.02
#Hercules Lot No., 9251Y 1700 3450 0.03

##Balance of lead as de- LOO0 0.67

1
termined from difference of CONFIDENTIAL L

total lead and lead present Figure 12
as lead salicylate and lead
stearate.




CONFIDENTIAL
Propellant Data Sheet for Pilot Lot No. 335

Composition, % Nominal Analysis Thermodynamic Prooer%gg
Nitrocellulose, 12,28 55,5 55.03 Heat of Explosion, cal/gm
NMitroglycerin 27.5 26,72 Cale (Nom) 750
Triacetin 13.0 14.38 Expt M2
Ethyl Centralite 1.0 1.0/, Cale (Anal) 741
i L ~Nit ro~N-Methylaniline 1.0 0.88
Lead Stearate 2,0 1.95
; Carbon Black 0.03 0.02

i *DuPont Lot No. 4
Strand “nrning Rate Characteristics

! 1,0
.9
5
.8
.7
.6 =
Q - T 1
g 1..-_;_‘,_.- ..
a ESEgEss
.ﬁ 05
g, ;
‘E L]
by
4
B .3 z
[an)
.2 : s _0--]1!1 !
N e
15 H++ i i :
O Ao 5 6 7 8910 1.5 2.0 2,5 3.0 4.0
?j Pressure, 1000-psi
3 Pressure Evponent at 70°F Temp Coeff of Pressure at Constant
L Press Ranre,psi Sloé () P/r from -40°F to 160
9 ' Press at Ratio Temp Coeff
1288:%52008 -(1).90 70°F, psi P/r a/Pr
1500-2600 0.93 1150 3800 0.25
1200 4000 0.23 Wl
1250 4600  0.20 e
1300 5080 0.17
CONFIDENTIAL
Figure 13
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CONFIDENTIAL

Propellant Data Sheet for Pilot Lot No. 335A

Composition, % Nominal Analysis MJL_‘&‘W’_&QM%QE
Nitrocellulose, 12,2%N* 5505 55413 Heat gﬁllixpl&i;';n, ca,}l“é ogm
Nitroglycerin 275 27.57 Expt 761
Triacetin 1300 13 .M calc (Aml) 7141
Ethyl Centralite 1.0 1.04
K L=Nitro-N-Methylaniline 1.0 0492
| Lead Stearate 2.0 1.90
;: Carbon Black (added) 0.03 0.11

#DuPont Lot No. 258B
Strand Burning Rate Characteristics

T
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.
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i
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.
AN

Burning Rate, in/sec
-

2 3 I
& 444

15 i EER H [
ok 5 6 7 .8 910 1.5 2,0 2,5 3,0 4,0
i Pressure, 1000 psi

0 Eyponent at 70OF Temp Coeff of Pressure at Conatant
Press Rance, psi Sloé () P/r from -40°F to 160

eEsLiAT

Press at Ratio Temp Coeff
16‘333233 8’ & 70%F, psi P/r 2/
. 1270-12’38 -1.57 iggg gﬁésg 8.2;
0.2 ® L] .
157 0.49 1400 1650 o ad
1500 5550 0.2
CONFIDENTIAL
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R CONFIDENTIAL
Propellant Data Sheet for Slurry 6L (T16 Propellant)

Composition, % Nominal Analysis Thermodynamic Propertie
Mtrocellulose, 12,28N% 55,5 55,09 Heat gflExpl?;’m;" cal /g
Nitroglycerin 27.5 27.15 Ea c om 73‘5
Triacetin 13.0 13.32 Cxpt 758
Ethyl Centralite 2.0 2.28 alc (Anal) 70
Lead Stearate 2,0 2,16
Carbon Black (added) 0.03 0.08

4
!
!

#DyPont. Lot No. 3

Strand Burning Rate Characteristics

[P s s

LI

.

N
i
I

Burning Rate, in/sec
~

HiH 14 3
BerTl]] TINTHETH
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T I SR3:i: 3R ses:
15 -4 - + 4. o 4+ 4 - 4 + i
o4 S5O 6 7 .8 910 1.5 2.0 2.5 3,0 40

Pressure, 1000 psi

Pregsure Evponent, at 70°F Temp Coeff of Pressure at Constant
Press Rance,psi Sloé (n) P/r from -40°F to 160

‘ Press at Ratio Temp Coeff
ﬁgggo 0669 70°F, psi P/r 3/

1000-1430 -1.18 1000 3280 0.26

1430-2000 1.1 1200 3890 0.16 -
1250 4550 0.1l B
1300 5050 0.23 ’

. CONFIDENTIAL
Figure 15
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CONFIDENTIAL

M-142931 May 1953 Picatinny Arsenal Ordnance Corps

Grains »f Pilot Lot 334 which were shock cycled between
~750F and 179°F. (5.0" OD x 1.0"™ 1D x 10.0" lon%).

Top Grain - 8% cycles, initial temperature - 759F
Bottom Grain - 7% cycles, initial temperature 170°F

(2L hours at each temperature).
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PRI Yay 1753 Picatinny Arsenal Orinance Corps

-

uralrs f
~THOF a1
loy Gralr

ilnt lot 235 which were shock cycled between
7Y ¢ 05,9 0D x 1.0" 1D x 10.0™ long).

, - 124 cycles, iritial temperature 1700F
Bottom Grain - 11% cyeles, initial temperature -759F
.74 hours 4t each temrerature)
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N l, 27430 May 1953 Picatinny Arsenal Ordnance Corps

irains of T1% Composition (Pilot Lot 276B) which were shock
seled vetween -750F and 1709F (5.0" OD x 1.0" 1D x 10.0"

AN Top Grain - 4 cycles, initial temperature 170°F,

3ot Grain - 3% cycles, initial temperature - 75°F.

4 r.ars at each temperature),

CONFIDENTIAL
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